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The effects of longitudinal bulk viscous pressure on the heavy quark dynamics have been estimated
in a strongly magnetized quark-gluon plasma within the Fokker-Planck approach. The bulk viscous
modification to the momentum distribution of bulk degrees of freedom has been obtained in the
presence of a magnetic field while incorporating the realistic equation of state of the hot magnetized
QCD medium. As the magnetic field breaks the isotropy of the medium, the analysis is done along
the directions longitudinal and transverse to the field. The longitudinal bulk viscous contribution
is seen to have sizable effects in the heavy quark momentum diffusion in the magnetized medium.
The dependence of higher Landau levels and the equation of state on the viscous correction to the
heavy quark transport has been explored in the analysis.
I. INTRODUCTION
The very recent Large Hadron Collider (LHC) mea-
surements provide a first sign of the existence of a strong
electromagnetic field in the heavy-ion collision by mea-
suring the directed flow v1 for charged hadrons andD/D¯
0
mesons for Pb+Pb collision at
√
sNN = 5.02 TeV [1].
Several investigations have been done in the analysis of
v1 of hadrons with heavy quarks (HQs) incorporating the
effects of a strong electromagnetic field [2–4]. The LHC
measurements, together with the observation of Rela-
tivistic Heavy-Ion Collider (RHIC) [5], indicate that the
strong electromagnetic field created at the early stages
of the collision affects the dynamics of the HQs. The
HQs are mostly created in the very initial stages of the
heavy-ion collision and travel through the deconfined hot
nuclear matter-Quark Gluon Plasma (QGP). The HQs
witness the entire QGP evolution as the thermalization
time of HQ is larger than the lifetime of the QGP created
at RHIC and LHC. These aspects allow HQs to serve as
a potential probe to characterize the properties of the
QGP in the heavy-ion collisions [6–12].
The study of hot nuclear matter with the strong
magnetic field has gained huge attention over the last
decade [13–17]. The phenomenological aspects of the
QGP in the strong magnetic field primarily lies in the
direction of chiral magnetic effect [18], chiral vortical
effect [19, 20] and recently in the studies of global
Λ−hyperon polarization in the RHIC [21]. The HQ dy-
namics in magnetized QGP and anisotropic medium is
investigated in Refs. [22–33]. Those investigations as-
sume the QGP as a thermalized static medium. Hence,
it is an interesting task to extend the analysis to viscous
magnetized QGP and take account the non-equilibrium
∗ manu.kurian@iitgn.ac.in
† vchandra@iitgn.ac.in
‡ dsantoshphy@gmail.com
contributions [34, 35] to the HQ transport in the medium.
The shear viscous tensor was considered to be the dom-
inant source of dissipation for a long time [36]. However,
there are theoretical indications to the enhanced bulk vis-
cosity in the medium [37–39]. The magnetic field breaks
the isotropy of the system and gives rise to two bulk vis-
cous coefficients (transverse and longitudinal) and five
shear coefficients. The authors of the Refs. [14, 17] sug-
gests that the dimensional mismatch of the quarks and
gluons in the strongly magnetized QGP may lead to
1 → 2 processes in the medium. All the components of
the shear and bulk viscous coefficients have not been ex-
plored fully yet. The results of Refs. [17, 40] revealed
that the longitudinal component of the bulk viscosity
that arises from the quark contribution is dominant in
the strong magnetic field and is larger than that in the
absence of a magnetic field.
In the current analysis, we have iteratively solved
the effective Boltzmann equation in relaxation time ap-
proximation (RTA) to obtain non-equilibrium momen-
tum distribution function encoding the mean-field con-
tributions in the magnetized bulk viscous medium. We
have subsequently derived the evolution equation of bulk
viscous pressure and obtain the non-equilibrium effects
to the screening mass in the magnetized medium. We
have illustrated that the incorporation of bulk correc-
tions affects the HQ transport in the magnetized medium
and significantly suppresses the magnetic field induced
anisotropy in the HQ momentum diffusion in the tem-
perature regime not far from transition temperature.
II. HEAVY QUARK DYNAMICS IN
MAGNETIC MEDIUM
HQs propagates through the thermal QGP medium
while interacting with quarks and gluons via 2 ↔ 2
scattering and can be described as the Brownian mo-
tion [41, 42]. As the dynamics of quarks and gluons are
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2different in the presence of a strong magnetic field, the
estimation of the quark and gluonic contribution to the
HQ transport coefficients need to be done separately in
the magnetized medium. The current focus is on the
regime of the strong magnetic with gT  √| qfeB |, in
which higher Landau level (HLL) contributions are sig-
nificant. The random motion of HQ in the QGP medium
can be described by the evolution of momentum distribu-
tion function fHQ within the framework of Fokker-Planck
equation,
∂fHQ
∂t
=
∂
∂pi
[
Ai(p) fHQ +
∂
∂pj
[
Bij(p) fHQ
]]
, (1)
where Ai and Bij respectively measure the HQ drag force
and momentum diffusion in the medium and takes the
forms as follows,
Ai =<<
(
p− p′)
i
>>, Bij =<<
(
p− p′)
i
(
p− p′)
j
>>,
(2)
for the process, HQ(p) + l(k)→ HQ(p′) + l(k′), where l
stands for thermal particles in the magnetized medium,
with | MHQ,g/q |2 as the matrix element. The thermal
average can be defined as,
<<F >>= 1
dHQ
1
2Ep
∫
dΥ
2Ek
∫
d3p
′
(2pi)32Ep′
∫
dΥ
′
2Ek′
× | MHQ,g/q |2 (2pi)nδn(p+ k − p
′ − k′)fg/q(k)
×
(
1 + fg/q(k
′
)
)
F . (3)
The integration phase factor can be described from the
dimensional reduction in the presence of strong magnetic
field B = Bzˆ and takes the form dΥ = d
3k
(2pi)3 for gluons
and dΥ =
|qfeB|
2pi
∑∞
l=0 µl
dkz
2pi for quarks in the magne-
tized medium, where µl = (2 − δl0) is the spin degen-
eracy of the Landau levels. Here, dHQ is the degener-
acy of the HQ, fg/q is the momentum distribution in the
thermal medium, and n = (2, 4) for the quarks and glu-
ons, respectively. Note that in the static limit p → 0,
Bij → Kδij [41], where K is the diffusion coefficient of
HQ. As the magnetic field induces a spatial anisotropy in
the medium, one we need to consider the HQ dynamics
parallel and perpendicular to the magnetic field.
III. BULK VISCOUS CORRECTIONS IN
MAGNETIC FIELD
Near-equilibrium thermal distribution function
Proper modelling of the system in the thermal equilib-
rium followed by the knowledge of the longitudinal bulk
viscous part of the distribution function is needed for
the effective description of the bulk viscous effects to HQ
transport in a magnetized system. For the system not
very far from local thermal equilibrium, the momentum
distribution function has the form,
fg/q = f
0
g/q + δfg/q, (4)
with δfg/q/f
0
g/q  1. The effective fugacity quasipar-
ticle model (EQPM) describes the thermal medium in-
teractions via QCD equation of state (EoS) in terms of
quark and gluon effective fugacities, zq and zg respec-
tively [43]. The equilibrium EQPM distribution func-
tions in the presence of the magnetic field B = Bzˆ have
the forms,
f0q ≡ f0lq =
zq exp (−βElk)
1 + zq exp (−βElk)
, f0g =
zg exp (−βEk)
1− zg exp (−βEk) .
(5)
The quark in the strongly magnetized medium follow a
1 + 1−dimensional dynamics and the energy dispersion
can be described by Landau quantization, Ek ≡ Elk =√
k2z +m
2
f + 2l | qfeB |, where l = 0, 1, 2, .. is the order
of the Landau levels of the quark of mass mf and charge
qfe. The effective fugacity parameter modifies the sin-
gle particle dispersion relation as, ωlq = E
l
k + δωq, and
ωg = Ek+δωg, where the modified part of the non-trivial
dispersion relation, δωq/g = T
2∂T ln(zq/g), can be inter-
preted as the quasiparticle collective excitations in the
medium. We consider the recent (2 + 1) flavor lattice
QCD EoS in the current analysis [44].
Transport coefficients are essential inputs to describe
the non-equilibrium correction to the distribution func-
tion. In one dimensional system, both shear and bulk
viscosities lead to similar hydrodynamical evolution as
both viscosities corresponds to the same space-time gra-
dient in the Navier-Stokes limit [45]. The longitudinal
bulk viscous pressure in the strongly magnetized medium
takes the form, [40],
Π‖ = −
∞∑
l=0
∑
f
µl
| qfeB |
pi
Nc
∫ ∞
−∞
dk¯z
2piωlq
∆‖µν k¯‖
µ
k¯‖
ν
δf lq
−
∞∑
l=0
∑
f
δωqµl
| qfeB |
pi
Nc
∫ ∞
−∞
dk¯z
2piωlq
∆‖µν
k¯‖
µ
k¯‖
ν
Elk
δf lq,
(6)
where k¯µ is the covariant form of (dressed) quasiquark
four-momentum and satisfy k¯‖
µ
= kµ‖ + δωqu
µ, with
k¯‖
µ
= (ωlq, 0, 0, k¯z). Here, the longitudinal projection op-
erator takes the form ∆µν‖ ≡ gµν‖ −uµuν , with gµν‖ = diag
(1, 0, 0,−1). The non-equilibrium part of the distribution
function δf lq can be obtained from the effective relativis-
tic Boltzmann equation. The Boltzmann equation takes
the form in the RTA as,
1
ωl
q
k¯‖
µ
∂µf
0l
q (x, k¯z) + F
µ
q ∂
(k)
µ f
0l
q = −
δf lq
τR
, (7)
3where τR is the thermal relaxation time and F
µ
q =
−∂ν(δωquνuµ) is the mean field force term that arises
from the conservation laws of particle density and en-
ergy momentum [46]. We employ Chapman-Enskog like
iterative expansion to solve the Boltzmann equation to
describe δf lq and has the following form for the first order
correction to distribution function,
δfq = τR
[
k¯‖
γ
∂γβ+
k¯‖
γ
u·k¯‖
β k¯‖
φ
∂γuφ−βθ‖ δωq
]
f0lq f˜
0l
q , (8)
where f˜0lq = 1−f0l and θ‖ ≡ ∂zuz denotes the longitudi-
nal expansion parameter of the magnetized system. In-
voking the energy-momentum conservation laws, one can
obtain β˙ = χβθ‖, where χβ/β ≡ c2s = ∂P‖∂ε‖ is the square of
speed of sound in the longitudinal direction of the mag-
netized medium. By substituting Eq. (8) to Eq. (6) and
assuming that τR is independent of four-momenta, we ob-
tain first-order equation to the longitudinal bulk pressure
as,
Π‖ = −τRβΠ‖θ‖, (9)
with the longitudinal bulk viscous coefficient βΠ‖ as
βΠ‖ = β
[
χβ
β
(
J
(0)
q 31 + δωqL
(0)
q 31
)
+ 3
(
J
(1)
q 42 + δωqL
(1)
q 42
)
− δωqJ (0)q 21
]
. (10)
The thermodynamic integrals J
(r)
k nq and L
(r)
k nq employed
in the analysis are presented in the Appendix in terms of
modified Bessel function of second kind. The magnetic
field dependence of the longitudinal bulk pressure is in-
corporated through βΠ‖ . By comparing the above equa-
tion of longitudinal bulk viscous pressure with the rela-
tivistic Naiver-Stokes equation, we obtain the relaxation
time for the bulk viscous expansion as τΠ ≡ τR = ζβΠ‖ ,
where ζ is the longitudinal bulk viscosity in the magne-
tized medium. The present analysis holds for an arbi-
trary process, and hence we choose different ranges of
bulk viscosity. Employing the bulk viscous evolution
equation in Eq. (9), the longitudinal bulk viscous cor-
rection to the distribution function takes the form,
δf l bulkq =
−β
βΠ‖(u.k¯‖)
[
(u.k¯‖)2
χβ
β
− k2z − (u.k¯‖)δωq
]
f0lq f˜
0l
q Π‖.
(11)
The analysis of non-equilibrium correction to distribu-
tion function has been done in Ref. [47] in the absence of
a magnetic field for a system of finite mass and ideal EoS.
The bulk viscous correction to the momentum distribu-
tion function will give non-equilibrium corrections to the
screening mass, which in turn can affect the matrix ele-
ment for the HQ-thermal particle scattering processes.
Non-equilibrium correction to Debye screening
The realization of the EQPM from the charge renor-
malization can be done by analyzing the screening mass
in the medium. The Debye mass in the magnetized QGP
can be defined in terms of the EQPM distribution func-
tion and has the following form,
m¯2D = −4piαs
∫
dΥ
d
dk
(2Ncfg + 2Nff
l
q), (12)
where αs(T ) is the running coupling constant. Note that
the current analysis is on the strong field limit and the
dominant quark contribution reduce to the form,
m¯2D =
4αs
T
∑
f
| qfeB |
pi
∞∑
l=0
µl
∫ ∞
0
dkzf
l
q(1− f lq). (13)
The Debye mass in the viscous medium can be defined
in the leading order as,
m¯2D = m
2
D + δm
2
D, (14)
where m2D denotes the screening mass in the medium
at equilibrium, and δm2D is the shift in Debye mass due
to the longitudinal bulk viscous correction. Substituting
Eq. (4) and Eq. (5) in Eq. (13), we have
m2D =
4piαs
3T
J
(0)
q 10, (15)
and
δm2D =
4αs
T
∑
f
| qfeB |
pi
∞∑
l=0
µl
∫ ∞
0
dkzFq, (16)
with Fq = δf
l
q(1 − 2f0lq ). Note that the bulk viscous
correction to the Debye mass vanishes in the strong field
limit in the massless case with ideal EoS (zg/q = 1).
The effective running coupling constant within the
EQPM, αeff (T, zq, zg, | eB |) can be defined from m¯2D =
αeff
αs
m¯2D (zk=1). The correction to the screening mass
will reflect in the effective coupling and will act as es-
sential dynamical input in the HQ dynamics in the QGP
medium.
Bulk viscous correction to the HQ drag transport
The quark contribution to the momentum diffusion of
HQ in the static limit in terms of momentum transfer
can be defined from Eq. (2) and has the following form,
Kquark‖ =
∫
d3q
dΓ
d3q
q2z , K
quark
⊥ =
1
2
∫
d3q
dΓ
d3q
q2⊥,
(17)
4where q = p − p′ is the momentum transfer due to the
interaction and
dΓ
d3q
=
1
dHQ
1
2MHQ
1
(2pi)32Eq
∫
dΥ
2Elk
∫
dΥ
′
2El
k′
| MHQ,q |2
× (2pi)2δ2(p+ k − p′ − k′)f lq(kz)
(
1− f lq(k
′
z)
)
,
(18)
denotes the HQ-quark scattering rate per unit volume
of momentum transfer with MHQ is the mass of HQ.
The scattering rate can be defined from the retarded self-
energy as follows [22],
dΓ
d3q
=
8piαeffC
HQ
R
(2pi)3
lim
ω→0
T
ω
×
[
ImΠ00R Fermion
(Q2 − ReΠ00R Fermion)2 + (ImΠ00R Fermion)2
]
,
(19)
where CHQR is the Casimir factor of the HQ. Here, Q =
(ω,q) with ω is the energy transfer and static limit im-
poses the condition ω → 0. The leading order longitu-
dinal bulk viscous corrections are incorporated through
the distribution function while defining the retarded self-
energy (via quark/antiquark loops) along with the equa-
tion of state effects in the medium. The definitions of the
real and imaginary part of the self-energy are modified in
the viscous medium, which, in turn, gives rise to a shift
in Debye mass. A shift in the Debye mass in bulk vis-
cous medium from the gluon-self energy in the absence
of a magnetic field is studied in Ref. [48].
The retarded quark propagator and the gluon polar-
ization tensor at the one-loop order within the regime
gT  √| eB | by incorporating the effects of HLLs is
discussed in Ref. [14]. The transverse components gluon
self-energy vanishes (negligible) in the leading order (one-
loop order) and this results in the vanishing electrical
conductivity within the regime of focus [14]. The gluon
self-energy takes the form ΠµνR Fermion(Q) = i4piαsTR <
Jµr (Q)J
ν
a (−Q) >, in the real-time Keldysh formalism
in ra basis with Jµ = (J0, ji) as the current opera-
tor. In Refs. [14, 40], the authors have showed that the
HLLs give corrections to the longitudinal quark dynam-
ics and modify the macroscopic quantities such as en-
ergy momentum tensor Tµν and four-current Jµ of the
medium (transverse contributions are negligible), in the
regime gT  √| eB |. The transverse dynamics can be
decouple from the longitudinal dynamics and we have,
ΠµνR Fermion(Q) = pis¯(q⊥)Π
µν
R 1+1(ω, qz). The estimation
of gluon self-energy and the screening mass with all Lan-
dau levels is described in the Ref. [49]. It is important to
emphasize that we consider the Landau approximation as
most of the scattering processes are soft (small momen-
tum transfer ∼ gT ). The 1 + 1−dimensional retarded
self-energy ΠµνR 1+1(ω, qz) is defined as Π
µν
R 1+1(ω, qz) =
i < Jµr (q‖)J
ν
a (−q‖) >, with < Jµr (q‖)Jνa (−q‖) > is the
retarded current-current correlator in 1 + 1−dimension.
The quantity s¯(q⊥) defines from the real part of the re-
tarded self energy in the bulk viscous medium, s¯(q⊥) ≡
s(q⊥) + δs(q⊥) = Re
ω→0
Π00R Fermion(q). In the limit of LLL
approximation and ideal EoS, s¯(q⊥) reduces back to the
form in the Ref. [22]. The real and imaginary part of
the retarded self-energy takes the form in the viscous
medium,
ReΠ00R Fermion(ω,q) = −
q2z
q2‖
s¯(q⊥), (20)
ImΠ00R Fermion(ω,q) =
piω
2
s¯(q⊥)
[
δ(ω − qz) + δ(ω + qz)
]
,
(21)
where quantity s¯(q⊥) can be defined as,
s¯(q⊥) =4piαs
∑
f
1
T
| qfeB |
pi2
∞∑
l=0
µl
∫ ∞
0
dkz
× f lq(1− f lq) exp
( −q2⊥
2 | qfeB |
)
, (22)
≡ s(q⊥) + δs(q⊥). (23)
Note that s¯(q⊥ = 0) denotes the leading order con-
tribution (quark part) to the Debye screening mass in
the strongly magnetized viscous medium. Hence, the
viscous correction to the s(q⊥ = 0) can be defined as
δs(q⊥) = δm2D exp
( −q2⊥
2|qfeB|
)
.
The delta function in Eq. (21) can be understood from
the 1 + 1−dimensional constrained motion of the quarks
in the regime gT  √| eB |. Since our focus is on soft
momentum transfer limit (∼ gT ), the interactions do not
change the Landau levels of the quarks in the static limit
as the energy gap associated with adjacent Landau levels
∆ ∼ √qfeB is much greater than the energy transfer
in the process, ∆  ω, in the current regime of focus.
Therefore, the energy-momentum transfer of the quark
(∆E,∆kz) = (ω, qz) satisfy ω ' ±qz by neglecting the
term O(1/eB2) as in the case of LLL in Ref. [22]. The
static limit ω → 0 further imposes the vanishing longitu-
dinal momentum transfer, denoted as δ(qz). It is impor-
tant to note that the Eq. (20) and Eq. (21) will not hold
for the non-static limit and also in the weak/moderate
magnetic field beyond the regime gT  √| eB | where
transverse components are non-negligible. This is beyond
the scope of the current analysis. Substituting Eqs. (19)-
(22) in the Eq. (17) and defining x =
q2⊥
2|eB| , we have
K¯quark⊥ = K
quark
⊥ + δK
quark
⊥ (24)
where the equilibrium part can be defined as,
Kquark⊥ =4 T αeff αsNcC
HQ
R
| eB |
2pi
×
∫ ∞
0
dx
x N (T, x)(
x+ 2
αs
pi
N (T, x)
)2 , (25)
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FIG. 1: The temperature dependence of βΠ‖ at | eB |= 15m2pi (left panel). The effect of longitudinal bulk viscous
effects to the screening mass at τ = 0.3 fm−1(left panel).
and the leading order longitudinal bulk viscous correction
to the transverse component takes the form,
δKquark⊥ =4 T αeff αsNcC
HQ
R
| eB |
2pi
×
∫ ∞
0
dx
x2 δN (T, x)(
x+ 2
αs
pi
N (T, x)
)3 . (26)
The quantity N (T, x) and δN (T, x) takes the following
form respectively,
N = 1
T
∑
f
| qf | e−
x
|qf |
∞∑
l=0
µl
∫ ∞
0
dkzf
0l
q f˜
0l
q , (27)
δN = 1
T
∑
f
| qf | e−
x
|qf |
∞∑
l=0
µl
∫ ∞
0
dkzFq. (28)
The vanishing longitudinal component of the quark con-
tribution in the static limit ω → 0 is well explored
in the Ref. [22, 23] and can be understood from the
Eqs. (17), (19) and (21).
The bulk viscous correction to the gluonic contribution
to the HQ momentum diffusion is primarily incorporated
through the screening mass while defining the HQ-gluon
matrix element. The matrix element for the 2 ↔ 2 HQ-
gluon scattering process in the static limit is investigated
in the Ref. [22]. Following the same prescriptions as in
Ref. [23] to describe the longitudinal component of the
gluonic contribution in the viscous medium, we obtain
K¯gluon‖ = K
gluon
‖ + δK
gluon
‖ , (29)
Kgluon‖ =
4
3pi
α2effNcC
HQ
R
1
dHQ
∫ ∞
0
dq
q2(
q2 + s(q⊥)
)2
×
∫ ∞
q/2
d | k | | k |2
[
1 +
(
1− q
2
2 | k |2
)2]
f0g f˜
0
g ,
(30)
δKgluon‖ = −
4
3pi
α2effNcC
HQ
R
1
dHQ
∫ ∞
0
dq
q2δs(q⊥)(
q2 + s(q⊥)
)3
×
∫ ∞
q/2
d | k | | k |2
[
1 +
(
1− q
2
2 | k |2
)2]
f0g f˜
0
g ,
(31)
where f˜0g = 1 + f
0
g . The gluonic contribution to the
HQ momentum diffusion in the magnetized medium is
isotropic up to the leading order of mD/T , whereas the
quark contributions are highly anisotropic in nature. The
anisotropy of the HQ momentum diffusion can be quan-
tified by the ratio
K‖
K⊥
in which K‖ and K⊥ denotes the
total contribution (both quark and gluonic) to the longi-
tudinal and transverse components of the HQ momentum
diffusion in the QGP medium. The effect bulk viscosity
to the anisotropy can be described from R =
K¯‖/K¯⊥
K‖/K⊥
.
IV. DISCUSSIONS
We initiate the discussion with the temperature depen-
dence of first order longitudinal bulk viscous coefficient
of the strongly magnetized QGP medium as plotted in
Fig. 1 (left panel). We observe that the first order bulk
viscous coefficient increases with temperature. This ob-
servation is consistent with the results for the Boltzmann
system [50] in which βΠ ≈ P with P as the pressure of the
QGP. The effects of HLLs are more visible in the higher
temperature range as the effect is suppressed by the fac-
tor e−
√
qf eB
T . The longitudinal bulk viscous corrections
to the Debye screening mass is depicted in Fig. 1 (right
panel). To quantify the effects of the bulk viscous effects,
we choose the expansion parameter θ‖ = 1/τ , where τ is
the proper time parameter. The Debye mass is sensitive
to the viscous corrections, and we observe that the lon-
gitudinal bulk viscous contribution reduces the screening
in the magnetized medium. This observation is in line
with that of the Ref. [48].
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FIG. 3: The HLLs effect in the longitudinal bulk viscous correction to the HQ diffusion at | eB |= 15m2pi (left panel).
The effect of bulk viscous corrections to the magnetic field induced HQ momentum anisotropy (right panel).
The temperature dependence of the longitudinal bulk
viscous correction to the gluonic contribution K¯gluon‖ in
the longitudinal direction at | eB |= 15m2pi is plotted in
Fig. 2. The longitudinal bulk viscous correction enhances
the gluonic contribution to the HQ diffusion coefficient.
We have estimated the quark contribution in the per-
pendicular direction in the viscous strongly magnetized
QGP. Bulk viscous correction reduces the perpendicu-
lar quark contribution to the HQ momentum diffusion,
and the effects are more visible in the lower tempera-
ture regimes. The quark-HQ scattering rate per unit vol-
ume of momentum transfer is proportional to the term
s¯(q⊥)
(q2+s¯(q⊥))2
. In the leading order (of coupling constant),
we have s¯(q⊥)(q2+s¯(q⊥))2 '
s(q⊥)
(q2+s(q⊥))2
+ q
2δs(q⊥)
(q2+s¯(q⊥))3
and the
scattering rate gets suppressed, as δs(q⊥) quantifies the
decrease in the screening mass in the medium. Thus,
the suppression of the quark-HQ scattering rate due to
the off-equilibrium effects from the scattering matrix and
the quark distribution function leads to the suppression
of the quark contribution of HQ momentum diffusion in
the bulk viscous medium.
The HLLs effects to the bulk viscous corrections of
the HQ momentum diffusion are more significant in the
temperature regime near to the transition temperature.
We observe in Fig.3 that the anisotropy of the momen-
tum diffusion of the HQ in the viscous QGP decreases in
comparison with the thermally equilibrated system. The
longitudinal bulk viscous effects are more pronounced in
the lower temperature regime near transition tempera-
ture, and asymptotically the ratio R approaches unity.
V. CONCLUSION AND OUTLOOK
To summarize, we have estimated the longitudinal bulk
viscous evolution equation and obtained the bulk vis-
cous correction to the thermal distribution in the mag-
netic medium by solving the effective Boltzmann equa-
tion within the EQPM. We have illustrated that the bulk
viscous contribution reduces the Debye screening mass
in the magnetized hot QCD medium. We have studied
the HQ momentum diffusion in the magnetized viscous
medium. The main observation is that the bulk viscous
corrections suppress the quark contribution to the HQ
momentum diffusion, whereas the gluonic contributions
to the HQ diffusion gets enhanced. This, in turn, affects
the magnetic field induced anisotropy in the HQ momen-
tum diffusion in the medium. We have further demon-
7strated the effects of HLLs on the bulk viscous corrections
to the HQ diffusion in the magnetized medium.
The recent LHC observation on heavy mesons directed
flow v1 give the indications of the strong electromagnetic
field. However, recent calculations [2–4] on the heavy
meson v1 due to the electromagnetic field, within the
Langevin dynamics, ignore the impact of the magnetic
field and viscosity on HQ drag and diffusion coefficients.
The anisotropic HQ transport coefficients in the strongly
magnetized viscous medium may affect the heavy meson
directed flow measured both at RHIC and LHC energies.
Heavy meson elliptic flow is another experimentally mea-
sured observable which can be affected by this anisotropic
HQ transport coefficients. The HQ transport coefficients
presented in the manuscript will be used in Langevin dy-
namics as inputs parameters to study HQ observables in
the presence of the strong magnetic field. The effect of
1 → 2 processes and 2 → 2 processes in the expanding
medium to the HQ experimental observables is another
interesting direction to explore. We intend to extend the
analysis to these aspects of the hot QCD medium in a
forthcoming article.
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Appendix A: Thermodynamic integrals in the
magnetic field
Defining, y2l =
1
T 2 (m
2
f + 2l | qfeB |) and Ki,n(syl) =∫∞
0
dθ
(cosh θ)n exp (−syl cosh θ), and following the prescrip-
tions in Ref. [51], the J
(r)
q mn and L
(r)
q mn integrals in the
presence of magnetic field takes the following forms,
J
(0)
q 10 =T
∑
f
Nc
| qfeB |
pi2
∞∑
l=0
µlyl
∞∑
s=1
s(−1)s−1zsqK1(syl),
(A1)
J
(0)
q 31 =− T 3
∑
f
Nc
| qfeB |
4pi2
∞∑
l=0
µly
3
l
∞∑
s=1
s(−1)s−1zsq
×
[
K3(syl)−K1(syl)
]
, (A2)
L
(0)
q 31 =− T 2
∑
f
Nc
| qfeB |
2pi2
∞∑
l=0
µly
2
l
∞∑
s=1
s(−1)s−1zsq
×
[
K2(syl)−K0(syl)
]
, (A3)
L
(1)
q 42 =T
2
∑
f
Nc
| qfeB |
2pi2
∞∑
l=0
µly
2
l
∞∑
s=1
s(−1)s−1zsq
×
[
K2(syl)− 3K0(syl) + 2Ki,2(syl)
]
, (A4)
J
(1)
q 42 =T
3
∑
f
Nc
| qfeB |
4pi2
∞∑
l=0
µly
3
l
∞∑
s=1
s(−1)s−1zsq
×
[
K3(syl)− 5K1(syl) + 4Ki,1(syl)
]
− δωqT 2
∑
f
Nc
| qfeB |
pi2
∞∑
l=0
µly
2
l
∞∑
s=1
s(−1)s−1zsq
×
[
K2(syl)− 3K0(syl) + 2Ki,2(syl)
]
, (A5)
J
(0)
q 21 =− T 2
∑
f
Nc
| qfeB |
2pi2
∞∑
l=0
µly
2
l
∞∑
s=1
s(−1)s−1zsq
×
[
K2(syl)−K0(syl)
]
+ δωqT
∑
f
Nc
| qfeB |
pi2
∞∑
l=0
µlyl
∞∑
s=1
s(−1)s−1zsq
×
[
K1(syl)−Ki,2(syl)
]
. (A6)
Note that the thermodynamic integrals in terms of the
modified Bessel function of the second kind are for the
general case, and in the massless limit, the integral with
Kn(sy0) reduced to PolyLog functions as discussed in
Ref. [51] in detail.
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